Abstract: Local anesthesia of the nerves of the scalp is referred to as ''scalp block.'' This technique was originally introduced more than a century ago, but has undergone a modern rebirth in intraoperative and postoperative anesthetic management. Here, we review the use of ''scalp block'' during craniotomy with its anatomic basis, historical evolution, current technique, potential advantages, and pitfalls. We also address its current and potential future applications.
A nesthetic management of patients undergoing craniotomy can often be challenging, given the nature of surgery, the underlying central nervous system pathology, and the desire for punctual postoperative assessment. There is no consensus on the best anesthetic agents for use in neurosurgery. However, the idea of combining a regional anesthetic with a general anesthetic may offer advantages for most patients. Blocking noxious input to the abundant sensory nerve supply of the scalp would prevent the hemodynamic response to head pin application and the pain of incision. Local anesthetic infiltration before craniotomy incision is an accepted practice by many neurosurgeons, but this local anesthetic effect is short lived. A ''scalp block'' involves regional anesthesia to the nerves that innervate the scalp, providing analgesia for a considerable period of time with the potential for postoperative effect.
Combining regional and general anesthesia has the potential for decreasing intraoperative general anesthetic requirements and attenuating anticipated hemodynamic responses in many patients. This idea has been explored in the past when the effects of general anesthetics were deleterious in certain patients with brain injury. As neuroanesthesia got safer and more refined, the ''scalp block'' was abandoned or minimized. The current age of minimally invasive surgery and awake craniotomy has brought renewed interest in this technique and its advantages for patients. This review presents the anatomy, history, clinical development, and technique for the ''scalp block.''
ANATOMY FOR ''SCALP BLOCK''
Sensory innervation of the scalp and forehead is provided by both the trigeminal and spinal nerves.
Innervation of the Anterior Scalp and Forehead
The trigeminal nerve is the largest cranial nerve and is the principal source of sensory innervation of the head and face. The trigeminal nerve has an ophthalmic, maxillary, and mandibular division, all of which contribute branches that innervate part of the forehead and scalp. To approximate the sensory distribution of these 3 divisions, imagine that there are 2 lines splitting the eyelids and the lips. Figure 1 displays innervation of the scalp and forehead.
The first and smallest division of the trigeminal nerve is the ophthalmic division (V1). It is a pure sensory nerve, carrying sensation from the ipislateral side from upper eyelids, the cornea, ciliary body, iris, skin of the forehead, eyebrows, and the skin of the nose. The largest branch of the ophthalmic division is the frontal nerve, which enters the orbit through the superior orbital fissure, before dividing (midway between the apex and base of the orbit) into 2 branches, the supraorbital and supratrochlear nerves. 1 These 2 branches supply sensory innervation to the forehead and anterior scalp. 1 Emerging from the supraorbital foramen or notch, the supraorbital nerve trunk divides into deep and superficial branches. The deep branches course superiorly and laterally, running in the areolar tissue between the galea and pericranium, with terminal branches supplying scalp sensation by piercing the galea near the coronal suture. The superficial branches divide into multiple smaller branches, which pierce the frontalis muscle, and also supply sensation to the anterior scalp.
The supratrochlear nerve courses through the supraorbital foramen, giving off palpebral filaments to the upper eyelid. It further ascends on the forehead and splits into medial and lateral branches. Located beneath the frontalis muscles, the medial and lateral branches respectively perforate the frontalis and galea aponeurotica.
The maxillary major division of the trigeminal nerve (V2) is a purely sensory nerve and it is relevant to ''scalp block,'' as it carries sensation from face up to the zygomatic cheek prominence through its cutaneous branches (infraorbital, zygomaticofacial, and zygomaticotemporal nerves).
The third and the last major branch of the trigeminal nerve is the mandibular division (V3), which carries sensation from the lower lip and the lower part of the face (mental and buccal branches), and the auricle and the scalp in front of and above the auricle through its auriculotemporal cutaneous branches. 1 
Innervation of the Posterior Scalp
The greater occipital nerve arises from the posterior ramus of the second cervical nerve (C2) root, and innervates the major portion of the posterior scalp. It originates in the posterior neck, lateral to the atlantoaxial joint and deep into the oblique inferior muscle. 2, 3 It then ascends in the posterior neck over the dorsal surface of the rectus capitis posterior major muscle, before it becomes subcutaneous slightly inferior to the superior nuchal line, passing above an aponeurotic sling. At this point, the greater occipital nerve is immediately medial to the occipital artery. However, after piercing the posterior cervical aponeurosis, the nerve crosses medial to the occipital artery to the lateral portion of the posterior portion of the occiput. 2, 3 The lesser occipital nerve is derived from the ventral rami of the C2 and C3 spinal nerves, and courses upward to carry sensation from the skin of the scalp that lies just behind the auricle. 2 In summary, innervation to the forehead and anterior scalp is supplied by the supraorbital and supratrochlear nerves, with temple sensory innervation provided by the auriculotemporal and zygomaticotemporal nerves. The posterior scalp principally gets nerve supply from the greater occipital nerve whereas the lesser occipital nerve supplies the scalp skin behind the ear (Fig. 1). ''SCALP BLOCK'': EVOLUTION THROUGH THE AGES Local Anesthetics: Early Beginnings
Local anesthetic techniques were pioneered by Halstead 4 and Hall who performed nerve blocks using cocaine in the 1880s. Corning 5 also promoted this early use of local anesthesia with cocaine. The term ''regional anesthesia'' was first introduced by American surgeon, Harvey Cushing 6 at the turn of the 19th century, when describing pain relief after the use of nerve block. Early in the 1900s, Harvey Cushing pursued his experimentations with local anesthetics and along with George Crile, started to combine local or regional anesthetics with general anesthetics or with local infiltration anesthesia in craniotomies.
Scalp skin incision during craniotomy is accompanied with tachycardia and arterial hypertension. Increases in hypertension may also be accompanied with increases in intracranial pressure associated with potential increase in morbidity. 7 This can be controlled by antihypertensive medications or increase in anesthesia depth, which can possibly result in hypotension. Another approach is to inject local anesthetics before surgery to prevent these hemodynamic changes. Subcutaneous infiltration of local anesthetics containing vasopressor agents has been used since the early 1900s to provide hemostasis during skin incision for craniotomy, with the first description by Braun in 1910. 8 Mixtures of local anesthetics and vasoconstrictors continued to be injected before scalp incision to promote hemostasis for the following decades, including uses by Penfield and Christensen et al 9, 10 It was not until the middle of 1980s that Hillman et al 11 performed the first double-blind randomized study to compare the effects of 0.5% bupivacaine with normal saline injection in patients undergoing craniotomies; an increased cardiovascular hemodynamic stability was found in the bupivacaine group. By injecting local anesthetics into the incision line and the line of scalp flap reflection, these agents block afferent neural pathways.
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Four years later, Hartley et al 12 demonstrated similar results in children undergoing supratentorial craniotomy. In this study, responses of mean arterial pressure and heart rate to scalp incision and reflection were attenuated by infiltrating the scalp subcutaneously along the proposed incision line with bupivacaine coupled with epinephrine. Bupivacaine became the local anesthetic of choice for scalp infiltration due to its long duration of action and was reported to be safe when used in the vascular tissues of the scalp. 13 However, although widely used, these techniques still represented local infiltration, and not ''scalp block'' with targeted injection of the nerves.
From Scalp Infiltration to Scalp Nerve Block
Recent studies have confirmed that local anesthetic infiltration of the scalp before craniotomy is effective in reducing tachycardia and hypertension, which could result in increased cerebral blood flow and intracranial pressure.
14 This is especially true for patients with impaired cerebral autoregulation, in whom a small increase in blood pressure could result in large changes in cerebral blood flow and volume, further precipitating intracranial hypertension. 15 This concept was also demonstrated by Bithal et al 16 who showed that after skull pinning, bispectral index monitoring values were increased along with hemodynamic parameters, and that these changes can be prevented by prepinning infiltration with local anesthetics. Local anesthetic infiltration can also prevent the need for increased analgesic requirements early in the surgical procedure. 14 A major step in local anesthesia of the scalp occurred with the transition from scalp infiltration to blocking the nerves of the scalp. One major advantage of performing ''scalp block'' is that most of the nerves supplying the scalp are superficial terminal sensory branches and hence the risk for nerve damage is lower than for deeper motor nerves. Although Girvin 17 originally described the ''scalp block'' technique in 1986 for use during awake craniotomy, the technique did not gain its due popularity for several more years. The first clues that blocking of the nerve supplying the scalp may be beneficial in achieving hemodynamic stability during craniotomy came in 1992. In this study, Rubial et al 18 divided 34 patients with intracranial masses undergoing craniotomy into 3 groups: group I received fentanyl before implantation of a head fixation device, group II was treated with subcutaneous infiltration of mepivacaine at head fixation sites, and group III underwent blockade of frontal and occipital nerves. They found that mean arterial blood pressure after head fixation was significantly higher in group I than in groups II and III. This suggests that the direct blockade of frontal and occipital nerves is a useful method for maintaining hemodynamic stability during skull pin placement for neurosurgery. 18 However, one pitfall is that this study did not have a control group receiving saline injections for comparison.
Four years later, Pinosky et al 19 addressed this issue. The authors performed a prospective randomized double-blind study comparing the effects of ''skull block'' with normal saline to 0.5% bupivacaine on the autonomic response and the anesthetic requirement associated with head pinning. Twenty-one patients undergoing elective craniotomy for tumor requiring the use of head pinning were thus randomly allocated to a control group and a bupivacaine group. Five minutes before pinning, a ''scalp block'' was performed consisting of local anesthetic injection into the supraorbital and supratrochlear nerves, postauricular branches of the great auricular nerves, auriculotemporal nerves, and greater and lesser occipital nerves. 19 The authors found a significant increase in mean arterial pressures, heart rate, and requirement for volatile anesthetic at pinning in the control group but not in the bupivacaine group. The control group had substantially higher values of baseline-adjusted hemodynamic variables during ''scalp block,'' head pinning, and after head pinning, compared with the bupivacaine group. 19 These findings were corroborated by more recent studies, in particular, the double-blind randomized study by Lee et al, 20 which showed that 0.25% bupivacaine ''scalp block'' provides effective hemodynamic control (when compared with an injection of 0.9% saline) during the early stages of a frontotemporal craniotomy.
An increase in catecholamine plasma levels can be an index of increased sympathetic activity in cases of consistent catecholamine reuptake and clearance rates, and has recently been associated with postoperative hypertension in patients undergoing craniotomy. 21 Hypertension in these patients is also associated with increased activation of the renin-angiotensin-aldosterone system. However, despite demonstrating lower values of mean arterial pressure and heart rate during craniotomy in patients receiving bupivacaine ''scalp block,'' Lee et al failed to demonstrate a significant difference in plasma catecholamine metabolites when compared with the control group. It is possible that the relatively small number of patients (16) was insufficient to detect these changes, and future studies with larger sample sizes could address this issue.
''Scalp block'' has also recently reemerged for use during awake craniotomy. Originally described by Girvin 17 in the mid 1980s, the technique has seen a recent resurgence with blockade of the auriculotemporal, zygomaticotemporal, supraorbital, supratrochlear, lesser occipital, and greater occipital nerves. 22, 23 Future efforts should explore the benefits of these blocks for more subtypes of awake craniotomies, such as deep brain stimulation and stereotactic radiosurgery.
The Modern ''Scalp Block'': Technical Description
Six nerves can be blocked during ''scalp block.'' Here is a summary of the modern technique for performing each block. 17, 19, 20, 23, 24 Supraorbital Nerve
The supraorbital nerve can be blocked as it emerges from the orbit. The supraorbital notch is palpated by the finger, and the needle is inserted along the upper orbital margin, perpendicular to the skin, approximately 1 cm medial to the supraorbital foramen.
Supratrochlear Nerve
Emerging from the superiomedial angle of the orbit, and running up on the forehead parallel to the supraorbital nerve a finger's breadth medial to it, the supratrochlear nerve can either be blocked as it emerges above the eyebrow or can be involved by a medial extension of the supraorbital block.
Auriculotemporal Nerve
The auriculotemporal nerve can be blocked by infiltration over zygomatic process, with an injection 1 to 1.5 cm anterior to the ear at the level of the tragus. The superficial temporal artery is anterior to the auriculotemporal nerve at the level of the tragus, and should always be palpated and its course identified before blockade.
Zygomaticotemporal Nerve
The zygomaticotemporal nerve is blocked by infiltration from the supraorbital margin to the posterior part of the zygomatic arch. Arising midway between auriculotemporal and supraorbital nerves where it emerges above the zygoma, the zygomaticotemporal nerve ramifies as it pierces temporalis fascia. Both deep and superficial injection plains are thus recommended.
Greater Occipital Nerve
The greater occipital nerve can be blocked by infiltration approximately halfway between the occipital protuberance and the mastoid process, 2.5 cm lateral to the nuchal median line. The best landmark is to palpate the occipital artery, and inject medially after careful aspiration. This should avoid potential intra-arterial injection.
Lesser Occipital Nerve
The lesser occipital nerve can be blocked by infiltration along the superior nuchal line, 2.5 cm lateral to the greater occipital nerve block.
The volume of local anesthesia administered at each site can vary from 2 to 5 mL of 0.25% to 0.5% bupivacaine 17, 19, 20, 23, 24 : Schematics and photographs of local anesthetic injections for 3 of the 6 major nerves blocked for craniotomies (supraorbital, greater occipital, and lesser occipital nerves) can be found in Figures 2  and 3 . Table 1 summarizes the 6 nerves used for ''scalp block'' together with their origins, and separates the nerves to be blocked for anterior or posterior craniotomies. Of note, the ''scalp block'' has been reported to include an additional nerve, the great auricular nerve. The great auricular nerve is the largest of the ascending branches of the cervical plexus. It arises from the C2 and C3, and its posterior branches supply the skin of the mastoid process and part of the back of the auricula. 1 The postauricular branches of the great auricular nerves may be blocked with an injection between the skin and bone, 1.5 cm posterior to the ear at the level of the tragus. 
Complications/Contraindications
Although uncommon, complications have been reported with blocks performed on the scalp. When bupivacaine is mixed with a vasoconstrictor, inadvertent intravascular injection or systemic absorption could cause hypertension. 9 Extra caution should be taken when adding epinephrine to the local anesthetic injection, but when used appropriately, the combination of bupivacaine with epinephrine for scalp infiltration is not associated with significant changes in mean arterial pressure or heart rate. Local anesthetic injection has been associated with acute rises in anesthetic plasma concentration, which may predispose to local anesthetic toxicity. 25 The use of epinephrine may thus especially be recommended in wellvascularized areas such as the scalp to maximize block duration and minimize acute rises in anesthetic plasma concentration.
Clinical vigilance should be followed during the first 15 minutes after injection of local anesthetics for awake craniotomies, with rapid rises in anesthetic concentrations, although these rises are similar to the ones observed with other local blocks. [26] [27] [28] Studies have suggested that some anesthetics are safer than the others. Indeed depression of cardiac conductivity and contractility appeared at lower dosage and plasma concentrations in healthy patients injected with bupivacaine when compared with ropivacaine-injected patients. 25 Recent studies have shown ropivacaine and levobupivacaine to have less cardiac and neurotoxicity than bupivacaine in rats. 29 This has led to some groups recommending the preferential use of ropivacaine and levobupivacaine over bupivacaine for awake craniotomies. 22 However, bupivacaine remains the most widely used local anesthetic in practice, and Archer et al 30 remain the only authors to report clinical cases related to local anesthetic toxicity during awake craniotomy. In this study, the conclusions of toxicity are questionable: 2 patients undergoing craniotomy for intractable seizures suffered convulsions temporally related to local anesthetic infiltrations. 30 Hypotensive episodes after scalp infiltration have been reported and caution must be employed with close blood pressure monitoring. 31 Okuda et al 32 reported inadvertent injection of mepivicaine into the subarachnoid space during an occipital nerve block. A right lesser occipital nerve block with mepivicaine (without epinephrine) was performed to alleviate symptoms of occipital headaches in a 63-yearold man. During this block, the patient suddenly complained of generalized discomfort and nausea, losing consciousness, and having a shallow respiration. Oxygen saturation remained about 97% despite hypoventilation, and the patient's blood pressure and heart rate remained steady. The patient was closely observed for 2 hours, after which he was fully awake without neurologic sequelae. After recovery, the patient stated that he had undergone a retromastoid craniotomy for microvascular decompression years earlier, leaving an occipital bone defect in his right retromastoid area. 32 Occipital nerve blocks are carefully performed after palpation of the skull and relatively contraindicated when a bone defect is present or suspected.
Complications reported in other head and neck nerve blocks, such as inadvertent intra-arterial injection with retrograde flow into the internal carotid artery and cerebral circulation with subsequent respiratory arrest, 33 or brainstem anesthesia causing apnea and loss of consciousness, 34 have not been reported with ''scalp blocks.'' The proximity of the facial nerve to nerves injected during ''scalp block'' makes facial nerve paralysis a potential complication, although no cases have been reported in the literature. A careful identification of the discussed anatomic landmarks will help prevent injection into this nerve. Infections should be a concern with any procedure, but none have yet been reported after scalp nerve block. Of note, a relative contraindication to performing ''scalp block'' involves patients with known bleeding disorders, with potential hematoma as an issue. Any coagulopathy should be corrected by the neurosurgical team before surgery. ''Scalp block'' thus appears as a safe technique with rare complications reported in the literature.
NEW APPLICATIONS AND FUTURE PROSPECTS ''Scalp Block'' for Postoperative Pain
For decades, although postoperative pain was known to be a significant problem in craniotomy patients, rigorously designed studies were lacking. 35 More recent prospective studies have shown that after craniotomy, the majority of patients experience pain. Quiney et al 36 have reported severe or moderate pain (poorly controlled with codeine alone) in the first 24 hours after craniotomy in the majority of 53 patients studied. Similarly, De Benedittis et al 37 studied 37 patients after neurosurgery, and found that two-third of the patients experienced moderate-tosevere pain in the first 48 hours after surgery. In their study, the pain was predominantly superficial in 86% of patients, suggesting somatic rather than visceral origin, with possible involvement of pericranial muscles and soft tissues.
Scalp infiltration with local anesthetic has been studied as a way of decreasing postoperative pain. In a randomized double-blind study, Bloomfield et al 38 infiltrated the scalp with 0.25% bupivacaine or saline coupled with epinephrine both before incision and after scalp closure. Although their study was limited to 1 hour in the immediate postoperative period, it showed that wound infiltration with local anesthetics decreases pain scores on admission to the postanesthesia care unit for up to 1 hour. 38 A few years later, a prospective doubleblind randomized and placebo-controlled trial showed that 0.25% bupivacaine preincision scalp infiltration did not have any significant effect on postcraniotomy pain and analgesic requirement, although it did delay the requirement of the first analgesic dose. 39 The effects of ''scalp block'' on postoperative pain have also recently been explored. Nguyen et al 40 performed a prospective double-blinded randomized study in 30 patients receiving a block with 0.75% ropivacaine or saline. The ''scalp block'' involved blockade of the supraorbital, supratrochlear, auriculotemporal, great auricular, and greater and lesser occipital nerves as described by Pinosky et al 19 after skin closure and before awakening. Pain was assessed starting at 4 and up to 48 hours postoperatively. The average pain scores in the ropivacaine group was significantly lower when compared with the saline group for up to 24 hours, and the analgesic effect seemed to persist for at least 48 hours postoperatively.
A later double-blind randomized study assessed the efficacy of ''scalp block'' using 0.5% bupivacaine with epinephrine for postoperative pain relief in 40 patients after craniotomy. ''Scalp block'' was performed as described by Pinosky et al, 19 postoperatively after skin closure. Pain was assessed between 30 minutes and 12 hours postoperatively. Bala et al 41 found that bupivacaine injection with epinephrine was effective in decreasing postoperative pain. They reported that 60% of patients receiving saline injection experienced moderate to severe pain some time during the first 12 postoperative hours in comparison to 25% patients who received bupivacaine ''scalp block''. In addition, the median pain scores were significantly lower up to 6 hours postoperatively in patients who had received bupivacaine nerve blockade. The duration of pain relief in this study corresponded with the expected duration of action of bupivacaine with epinephrine. A recent prospective randomized controlled double-blinded study has suggested that the postoperative analgesia offered by morphine and scalp blocks are equivalent, although the incidence of nausea and vomiting was slightly more frequent in the morphine group. 42 Thus, even though ''scalp block'' seems to reduce postoperative pain in patients after craniotomy, more large studies are needed before the technique is generally accepted and used.
''Scalp Block'' in Pediatric Patients
Data to corroborate the greater use of regional anesthesia techniques for most pediatric surgical procedures 43, 44 and pain management in children has been an ongoing effort. 45 Recently, great auricular nerve blocks with 0.25% bupivacaine with epinephrine has successfully been used in children undergoing tympanomastoid surgery with advantages including avoidance of the adverse side effects of opioids, and targeting the pain relief to the area of the lesion. 46, 47 Two recent reviews have also explored the anatomy and innervation necessary to identify the appropriate nerves in children to perform scalp nerve blockade, including the supraorbital and supratrochlear nerves. 48, 49 This could lead to future applications of ''scalp block'' in children, such as pediatric patients undergoing craniosynostosis repair or awake procedures for deep brain stimulations for dystonia. 50 
''Scalp Block'' and Chronic Pain Management
Recent investigations have also focused on the role of local anesthetics in the long-term management of pain after neurosurgery. Batoz et al 51 studied the effect of postsurgical ropivacaine scalp infiltration on acute and persistent postoperative pain in a prospective singleblinded study. Patients undergoing intracranial tumor resection were randomly included in Group I (infiltration of ropivacaine) or C (control, no infiltration). Although postoperative analgesia with nalbuphine was similar between the 2 groups during the first 24 postoperative hours, pain scores were significantly higher in Group C than in Group I during this time period. Two months after the surgery, persistent pain was significantly lower in Group I (8%) than Group C (56%). 51 Perioperative local anesthetic infiltration may thus not only provide relief for acute pain but also potentially decrease persistent postoperative pain. Although encouraging, these results should be followed by larger double-blind randomized controlled studies investigating the effects of local anesthetic infiltration and ''scalp block'' on longterm postoperative pain.
New ways of providing longer postoperative pain control are also under investigation in animal models. A new formulation of bupivacaine loaded in an injectable fatty acid-based biodegradable polymer has thus been studied for producing motor and sensory block when injected near the sciatic nerve of mice. 52 Seventy percent of the incorporated drug was released during 1 week in vitro, whereas single injection of 10% bupivacaine in the polymer caused motor and sensory blocks that lasted 30 hours in vivo in mice. 52 Microscopic examination of the injection sites revealed only mild infiltration in 3 of the 8 examined tissues with no pathologic findings for internal organs: the polymer thus seemed as a safe carrier for prolonged activity of bupivacaine. 52 Newer type of polymers have recently been reported to provide slow release of effective doses of the incorporated locally injected bupivacaine with prolonged motor and sensory blocks of mice sciatic nerves for up to 48 hours. 53 Future investigations looking at the use of these long-lasting polymer-loaded anesthetics in patients could lead to new advances in approach to postoperative pain. Combining these techniques with the use of neurolytics 54, 55 or the more invasive peripheral nerve stimulation of implantable devices 56 based on the patient's pain-control requirements could allow for optimal pain management. ''Scalp block'' has also been used for pain management outside of surgery. This is particularly true for occipital nerve block, which is an effective treatment for cluster headaches, cervicogenic headaches, and occipital neuralgia, and although a double-blinded randomized placebo-controlled clinical trial is lacking, multiple studies have reported favorable results for migraines. 57 
CONCLUSIONS
The classic scalp infiltration techniques introduced a century ago has evolved into a modern precise scalp nerve blockade. The ''scalp block'' technique is safe and reproducibly successful in maintaining hemodynamic stability. Its use is being extended to children and appears to be of great use in postoperative pain management. The technique has a steep learning curve and its practice will undoubtedly help the anesthesiologist in the perioperative management of patients undergoing craniotomy. Further improvements and applications of ''scalp blocks'' are growing areas of research, and the next decade will likely see a wider use of this technique.
